Strains SYSU D8007
paludicola US15
T . Menaquinones MK-11 and MK-12 were detected as the respiratory quinones. The polar lipid profiles of strains SYSU D8007
T and SYSU D8014 T consisted of diphosphatidylglycerol and phosphatidylglycerol, but differed in the number of unidentified glycolipids. Strain SYSU D8007
T contained anteiso-C 15 : 0 , anteiso-C 17 : 0 and iso-C 16 : 0 as the predominant fatty acids, while strain SYSU D8014
T contained anteiso-C 15 : 0 and anteiso-C 17 : 0 as the major fatty acids (>10 %). While glucose, rhamnose and ribose were detected in strain SYSU D8007
T as the whole-cell sugars, galactose, glucose and rhamnose were present in strain SYSU D8014
T . The genomic DNA G+C content of strains SYSU D8007 T and SYSU D8014
T was 72.2 and 73.6 mol%, respectively. Based on phenotypic, genotypic and phylogenetic characteristics, it can be concluded that strains SYSU D8007
T and SYSU D8014 T represent two novel species of the genus Microbacterium, for which the names Microbacterium album sp. nov. and Microbacterium deserti sp. nov. are proposed, respectively. The type strains are SYSU D8007
T (=CGMCC 1.15794 T =KCTC 39990 T ) and SYSU D8014 T (=CPCC 204619  T =KCTC39991   T ).
The genus Microbacterium is thought to be widespread in nature as members of this genus have been isolated from various sources, such as foods, freshwater, seawater, soil, sediment, activated sludge, animals and plants [1] . This genus was first described by Orla-Jensen [2] based on studies of lactic-acid-producing bacteria. Members of this genus are Gram-stain-positive, asporogenous and rod-shaped with optimum growth observed at 20-30 C [1] . The cell-wall peptidoglycan often contains lysine or ornithine as the diagnostic amino acid [3] . In this paper, we describe the taxonomic position and characteristics of two novel species of this genus based on analyses of morphological, physiological, chemotaxonomic and phylogenetic properties.
Sand samples were collected from an arid desert in the AlJouf region, northern Saudi Arabia. Aliquots (0.2 ml) of the sand suspension were plated on Reasoner's 2A (R2A; BD) agar adjusted to pH 7.0, and the isolation plates were incubated at 28 C for 5 days. Following incubation, pure cultures of strains SYSU D8007
T and SYSU D8014 T were purified for further characterization based on their low 16S rRNA gene sequence similarities with known members of the genus Microbacterium. These two strains were maintained on R2A agar and preserved as glycerol suspensions (20 %, v/v) at À80 C. The basal growth condition of the strains for all experiments was maintained at pH 7.0 and 28 C, unless otherwise stated.
For phenotypic characterization, both strains were grown on R2A agar. Growth and microscopic morphological characteristics were observed using a light microscope (BH2; Olympus) and a transmission electron microscope (JEM-100CX-II; JEOL). Samples for transmission electron microscopy were prepared as described by Ming et al. [4] . The Gram reaction was tested by using the Gram Stain Solution Kit (Shanghai Yeasen Biotechnology), and confirmed by a non-staining procedure [5] . Cell motility was recorded on the basis of development/absence of turbidity by an inoculum of the strain in a tube containing semi-solid medium [6] . Growth at different temperatures was tested at 0, 4, 15, 28, 37, 45, 50, 55, 60 and 65 C. Salt tolerance was observed by supplementing up to 20 % (w/v) NaCl in R2A agar and the pH range for growth was tested from pH 4.0 to 10.0 (at intervals of 1.0 pH unit, prepared using the buffer system described by Nie et al. [7] ) in R2A broth for 7 days. Oxidase and catalase activities were determined by assessing the oxidation of 1 % (w/v) tetramethyl-p-phenylenediamine [8] and the formation of bubbles on addition of 3 % H 2 O 2 , respectively. Cellulose, gelatin and starch hydrolysis, H 2 S production, milk coagulation and peptonization, nitrate reduction, Tweens (20, 40 , 60 and 80) degradation and urease activity were tested as previously described [9] [10] [11] . Other physiological and biochemical characteristics were determined using the API 20NE (bioM erieux), API ZYM (bioM erieux) and GenIII MicroPlate (Biolog) systems using the instructions provided by the manufacturers.
Cells of strains SYSU D8007
T and SYSU D8014 T were Gram-stain-positive, non-motile, aerobic and non-sporeforming. Colonies of both strains were circular and convex. While strain SYSU D8007
T produced white colonies on R2A agar, colonies of strain SYSU D8014
T were lemon yellow. Cells of strains SYSU D8007
T and SYSU D8014 T were short rods, with size of 0.4-0.5Â0.7-0.9 and 0.4-0.5Â0.9-1.1 µm, respectively (Fig. S1 , available in the online version of this article). Growth of both strains were observed at 4-45 C and pH 6.0-10.0, with optimal growth at 28 C and pH 7.0. However, strain SYSU D8014
T exhibited growth at pH 5.0 as well. Strains SYSU D8007
T and SYSU D8014 T could tolerate NaCl up to a concentration of 8 % (w/v) (optimum growth observed in the presence of up to 5 %, w/v, NaCl). Both strains were positive for oxidase, catalase and nitrate reduction tests, but negative for H 2 S production, milk coagulation and peptonization, and urease activity. The two strains could hydrolyse Tween 40, but not cellulose, gelatin, starch or Tweens 20 or 80. Strain SYSU D8014
T could hydrolyse Tween 60 while strain SYSU D8007 T could not. The phenotypic properties distinguishing strains SYSU D8007
T and SYSU D8014 T from related species of the genus Microbacterium are listed in Table 1 . The detailed physiological characteristics of strains SYSU D8007
T and SYSU D8014
T are given in the species descriptions below.
Biomass for chemical and molecular studies of strains SYSU D8007 T and SYSU D8014 T was obtained from cultures grown in R2A broth medium for 7 days, unless otherwise mentioned. Respiratory quinones were extracted from lyophilized cells, purified and analysed by HPLC [12, 13] . Polar lipids were extracted, separated and examined by twodimensional TLC on silica gel G 60 plates (Merck) [14, 15] .
Cells for analysis of cellular fatty acids were obtained by culturing strains SYSU D8007
T and SYSU D8014 T on tryptic soy agar (TSA; Difco) for 7 days. Cellular fatty acids were extracted, methylated and analysed following the instructions of the Sherlock Microbial Identification System (MIDI) version 6.1 and the TSBA6 database [16] . The Nacyl type of the peptidoglycan was determined by the method of Uchida et al. [17] . Cell walls for analysis of diagnostic amino acids were purified as described by Kawamoto et al. [18] . One milligram of the purified cell wall was hydrolysed at 100 C with 1 ml of 6 M HCl for 16 h. The amino acids in the cell-wall hydrolysates were analysed by HPLC after derivatization with 6-aminoquinolyl-N-hydrosysuccinimidylcarbamate (AccQ.Tag Ultra Derivatization kit, Waters) as per the instructions of the manufacturer. Whole-cell sugars were analysed as described by Lechevalier and Lechevalier [19] . The genomic DNA G+C contents were determined by HPLC after enzymatic degradation [20] .
The respiratory quinones of strains SYSU D8007
T were found to be MK-11 and MK-12. The polar lipid profile of strain SYSU D8007
T comprised diphosphatidylglycerol, phosphatidylglycerol and two unidentified glycolipids, and of strain SYSU D8014
T comprised diphosphatidylglycerol, phosphatidylglycerol and an unidentified glycolipid (Fig. S2) . The acyl type of the peptidoglycan for both strains was N-glycolyl. D-Ornithine was detected as the diagnostic amino acid in total hydrolysates of the cell-wall peptidoglycan of strains SYSU D8007
T and SYSU D8014 T (74 and 75 %, respectively), along with a smaller proportion of glycine (26 and 25 %, respectively). Sugars found in whole-cell hydrolysates of strain SYSU D8007
T were glucose, rhamnose and ribose, while glucose, galactose and rhamnose were detected in strain SYSU D8014
T . The major cellular fatty acids (>10 %) detected were anteiso-C 15 : 0 (47.8 %), anteiso-C 17 : 0 (32.6 %) and iso-C 16 : 0 (12.0 %) for strain SYSU D8007 T , and anteiso-C 15 : 0 (49.5 %) and anteiso-C 17 : 0 (38.8 %) for strain SYSU D8014
T . Detailed fatty acid profiles of the two strains are given in Table S1 . The genomic DNA G+C contents of strains SYSU D8007
T were determined to be 72.2 and 73.6 mol%, respectively.
Genomic DNA of the two strains was extracted as previously described [21] . Amplification of the 16S rRNA gene, purification, cloning, sequencing and assembly of the raw sequences were done as described earlier [22] . The phylogenetic relationship between strains SYSU D8007 T and SYSU D8014
T was determined after BLAST searches of the 16S rRNA gene sequences in NCBI [23] and the EzBioCloud databases [24] . 16S rRNA gene sequences of closely related type strains were retrieved for multiple alignments (CLUSTAL X software package [25] ) and generation of phylogenetic dendrograms (MEGA version 7.0 [26] ). Algorithms based on the neighbour-joining [27] , maximum-parsimony [28] and maximum-likelihood [29] methods were used for reconstruction of the phylogenetic trees. Evolutionary distances in the neighbour-joining dendrogram were calculated by the Kimura two-parameter model [30, 31] . The topology of each tree was evaluated by bootstrap analysis of 1000 replications [32] .
Based on pairwise comparisons with the EzBioCloud database, strains SYSU D8007
T and SYSU D8014 T showed highest 16S rRNA gene sequence similarities with Microbacterium marinilacus YM11-607 T (98.5 and 98.3 %, respectively), followed by Microbacterium paludicola US15 T (98.4 and 97.8 %), while having less than 97.6 % with other members of the genus Microbacterium. In the phylogenetic trees generated using the neighbour-joining, maximum-likelihood and minimum-evolution methods, strains SYSU D8007 T and SYSU D8014 T fell within the radiation of the cluster comprising Microbacterium species, forming a clade with M. marinilacus YM11-607 T and M. paludicola US15 T (= US15 T )] was performed as described by Ezaki et al. [33] , and the hybridization values between them are listed in Table 2 . These values indicate low to moderate similarities between their genomic DNA, but well below the 70 % limit for species identification [34] . The DDH experiment was, however, not performed between strain SYSU D8014 T and M. paludicola KCTC 19080 T as their 16S rRNA gene sequence similarity was below 98 % ( Table 2) .
On the basis of phylogenetic analysis using 16S rRNA gene sequences, type of respiratory quinone (MK-11 and MK-12) and polar lipid profiles [diphosphatidylglycerol, phosphatidylglycerol and unidentified glycolipid(s)], strains SYSU D8007
T and SYSU D8014 T can be affiliated to the genus . All data are from this study, except those related to whole-cell sugars and DNA G+C content of the reference strains [35, 36] . +, Positive; À, negative; ND, not determined. 
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Microbacterium sediminicola YM10-847 T (AB286021)
Microbacterium ulmi XIL02 T (AY062021)

Microbacterium mangrovi MUSC 115 T (JTDK01000032)
Microbacterium album SYSU D8007 T (MF399039)
Microbacterium deserti SYSU D8014 T (MF399040)
Microbacterium marinilacus YM11-607 T (AB286020)
Microbacterium paludicola US15 T (AJ853909)
Microbacterium sediminis YLB-01 T (HQ219727)
Microbacterium lemovicicum ATCC BAA-2396 T (JN243353)
Microbacterium barkeri DSM 20145 T (X77446)
Microbacterium oryzae MB10 T (GU564360)
Microbacterium gilvum YIM 100951 T (KC959569)
Microbacterium indicum BBH6 T (AM158907)
Microbacterium amylolyticum N5 T (HQ605925)
Microbacterium gubbeenense DSM 15944 T (AUGQ01000019)
Microbacterium sorbitolivorans SZDIS-1-1 T (KX250270)
Microbacterium nanhaiense OAct400 Microbacterium album (al¢bum. L. neut. adj. album white, the colour of colonies).
Cells are Gram-stain-positive, non-motile, aerobic, nonspore-forming, short rods (0.4-0.5Â0.7-0.9 m). Colonies on R2A agar medium after incubation at 28 C for 5 days are white and circular. Growth occurs at 4-45 C with optimum growth at 28 C. The pH range for growth is 6.0-10.0 and the optimum pH for growth is 7. Growth occurs in the presence of up to 8 % (w/v) NaCl. Positive for catalase, oxidase and nitrate reduction. Negative for H 2 S production, milk coagulation and peptonization, and urease activity. Hydrolyses Tween 40 but not gelatin, cellulose, starch or other Tweens (20, 60 and 80) . In assays using the API ZYM system, positive for acid phosphatase, esterase (C4), esterase lipase (C8), a-glucosidase, leucine arylamidase, naphthol-AS-BI-phosphohydrolase and valine arylamidase, but negative for alkaline phosphatase, a-chymotrypsin, The type strain, SYSU D8007 T (=CGMCC1.15794 T =KCTC 39990 T ), was isolated from a desert sample collected from Saudi Arabia. The DNA G+C content of the type strain is 72.2 mol%.
DESCRIPTION OF MICROBACTERIUM DESERTI SP. NOV.
Microbacterium deserti (L. gen. n. deserti of a desert, referring to the source of the sample used for isolation of the type strain).
Cells are Gram-stain-positive, non-motile, aerobic, nonspore-forming, short rods (0.4-0.5Â0.9-1.1 µm). Colonies on R2A agar medium after incubation at 28 C for 5 days are lemon yellow and circular. Growth occurs at 4-45 C with optimum growth at 28 C. The pH range for growth is 5.0-10.0 and the optimum pH for growth is 7. Growth occurs in the presence of up to 8 % (w/v) NaCl. Positive for catalase, oxidase and nitrate reduction, but negative for milk coagulation and peptonization, H 2 S production and urease activity. Hydrolyses Tweens 40 and 60 but not cellulose, gelatin, starch or Tweens 20 or 80. In assays using the API ZYM system, positive for acid phosphatase, esterase (C4), esterase lipase (C8), a-glucosidase, leucine arylamidase, lipase (C14), naphthol-AS-BI-phosphohydrolase and valine arylamidase, but negative for alkaline phosphatase, a-chymotrypsin, cystine arylamidase, b-fucosidase, agalactosidase, b-galactosidase, N-acetyl-b-glucosaminidase, b-glucosidase, b-glucuronidase, a-mannosidase and trypsin. In the API 20NE system, positive results for 2-nitrophenyl-b-D-galactopyranoside test, reduction of nitrate, hydrolysis of aesculin and gelatin, and assimilation of gluconate, N-acetylglucosamine, glucose, malic acid, mannitol and mannose, but negative for production of indole, glucose acidification, arginine dihydrolase, hydrolysis of urea, and assimilation of adipate, arabinose, caprate, maltose and trisodium citrate. In Biolog GenIII MicroPlates, utilizes ace- The type strain, SYSU D8014 T (=CPCC 204619 T =KCTC 39991 T ), was isolated from a desert sample collected from Saudi Arabia. The DNA G+C content of the type strain is 73.6 mol%.
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